INTRODUCTION
As part of a program to study the saline deposits of the Mojave Desert region, the U. S. Geological Survey had four holes drilled on contract in the Bristol, Cadiz, and Danby Dry Lake basins in south- presented written in summary and in detail as well as in graphic form (pi. 4). A summary of the drill-hole data is given in the table below.
Drill holes in Bristol, Cadiz, and Danby Dry Lakes
[Gore size was 2% inches throughout, and the core barrel was 10 feet long] .
Drillhole
Bristol 1 > ____ Bristol, Cadiz, and Danby Dry Lakes occur in a trough that trends west-northwest and is divided into three separate basins by northwesttrending mountain ranges that project into the trough. The dry lakes occupy the lowest parts of these basins and ultimately receive all the unevaporated water from the surrounding mountain slopes, a total drainage area of about 4,000 square miles. The rainfall of this region, however, is extremely low (2.28 in. annual average in the basins x), and the rate of evaporation extremely high; water, therefore, never stands on the playas except for a short period after heavy rain storms.
The mountain ranges surrounding these basins are composed principally of plutonic and metamorphic rocks of pre-Tertiary age. Limestone is fairly abundant in the mountains northeast of Bristol and Cadiz basins and absent elsewhere. Tertiary lavas and pyroclastic sediments are the predominant rocks west and northwest of Bristol Dry Lake. Volcanic rocks are less common east and northeast of the basins and absent south of them. No saline-bearing sediments crop out within the area tributary to the playas.
Two Quaternary basalt flows lie within the drainage basin of Bristol Dry Lake, a small one on the south slope of Lead Mountain and a larger one bordering Bristol playa on the west. The larger flow, which issued from Amboy Crater (also called the Bagdad Cinder Cone) 3 miles southwest of Amboy, poured out over a large playa dividing it into two unequal parts. The eastern part is Bristol Dry Lake and the western part is called Alkali Dry Lake. Although only briefly examined, Alkali Dry Lake appears to be similar to Bristol Dry Lake in virtually all respects. The large dry lake, which was formed before the deposition of the lava, was nearly 100 square miles, about twice the size of the present Bristol Dry Lake.
Bristol and Cadiz playas are separated by a low alluvial divide extending beyond the northeastern termination of the Coxcomb Mountains ( fig. 5 ). This divide rises only 52 feet above the lowest part of Bristol Dry Lake and 104 feet above the lowest part of Cadiz Dry Lake. But for this low alluvial divide, Cadiz Valley would be a part of Bristol basin. Thompson (1929, p. 696) proposed the name Amboy Lake for a Pleistocene body of water which he thought existed in the large basin containing both Bristol and Cadiz playas. If this large basin had contained an overflowing lake in late Pleistocene time, such a lake would have attained a depth of more than 450 feet and a surface area of about 500 square miles before its waters could have escaped through the lowest pass in the Iron Mountains and flowed into Danby playa. ' Compiled by D. O. Thompson (1929, p. 90-91 ) from U. S, Weather Bureau records maintained for a period of 17 years at Bagdad, Calif.
Danby Dry Lake is the sump of a separate drainage basin, known as Ward Valley, that extends about 50 miles north of the playa, and has a drainage of about 1,000 square miles. A lake in this basin, for which Thompson (1929, p. 708) suggested the name Ward Lake, would have overflowed through a divide to the southeast, near Rice, and into the Colorado River.
In .none of the three basins, however, have the writers found shoreline features, wave-cut terraces, or gravel bars, such as occur commonly around other desert basins that did contain overflowing Pleistocene lakes, though their absence does not constitute proof that such lakes never existed. This evidence is in accord with the theoretical argument that such huge bodies of water would not be expected even during pluvial periods, because the entire drainage basin lies within one of the most arid regions of the country. It seems likely that these basins contained only very shallow perhaps ephemeral lakes that did not overflow during the late Pleistocene epoch.
All three playas have more than one type of surface. The principal type is a puffy efflorescent surface, called "self-rising ground" caused by the evaporation of capillary brine. It is generally believed to indicate a basin with no external underground drainage. Somewhat less common in these playas is the clay flat a surface of smooth, hard, compact clay which indicates the water table lies at considerable depth. A third type is the salt crystal surface, in which salt crops out at the surface of the playa or is covered only by a relatively thin veneer of silt or clay.
Bristol Dry Lake is mostly efflorescent ground but has a brinesoaked crystal body very near the surface in its lowest part near the southwestern border of the playa. This occurrence of efflorescent ground and near-surface brine suggests that there is no underground escape of water from Bristol Dry Lake to the lower ground of Cadiz Valley. This, in turn, suggests that the pass between the two basins consists of a bedrock barrier that lies at relatively shallow depth beneath alluvium. Cadiz Dry Lake has, near the center of the playa, a similar brine and salt body surrounded by large areas of puffy ground, and in the northern part of the playa has many expanses of dry, clay flats. Danby Dry Lake has salt crystal bodies at the surface at both the north and south ends of the playa, areas of claypan along the southeastern part, and efflorescent ground for most of the rest of the playa.
Gypsum-capped pedestals on Cadiz and Danby Dry Lakes are remnants of a once higher playa surface that has been almost completely removed, probably by a combination of deflation and water erosion. This erosion is probably initiated by deflation and aided later by water which tends to level the playa surface after the wind 48865S 69 2 has created irregularity in it. Elsewhere the surface of Danby DryLake is cut by numerous drainage channels, more than 5 feet deep and as much as 100 feet wide, which drain toward a sump near the southwest edge of the playa.
LOGGING METHODS
All cores were logged in the field within a few hours after removal from the holes and while still wet. They have not been relogged in the laboratory. The core from Bristol drill hole 2 was logged to a depth of 657 feet by Kupfer, and from there to the end (1,007 feet) by Bassett, who also relogged in greater detail the first 30 feet. The core from Cadiz drill hole 1 was logged by Bassett; all the core from Danby drill holes 1 and 2 was logged by Barstow.
In compiling the final logs, the following conventions were established for uniformity.
Recovery. When the core recovered from any given run 2 was less than 100 percent, there was generally no reliable indication of the position of the recovered core within the run. For all of the logs here discussed, the core recovered has been arbitrarily assigned to the lower part of the run and the missing portion to the upper part. The average recovery for these 4 holes was 53 percent.
Location is given to the nearest tenth of a foot, but this does not imply accuracy of that degree in depth below the surface. It is intended to place a specific location in the core below the nearest accurately known depth.
Caving. Between drilling runs, especially when the drill was idle overnight, material often caved in from the walls higher in the hole, and was unavoidably recovered in the core barrel along with the true core. In general, where this material was soft disordered mud without form, it was neither saved nor logged. However, where material at the top of the run, without form, and generally soft and disordered, might represent sediment in place, it was kept and logged and indicated in the logs as "probably slumped material." Some other portions of the core that appeared to have normal form, and were not of anomalous lithologic character, may also have been slumped material, but were not recognized as such, nor so logged.
Sediment names, textures, and structures. Sediment names are in accord with those suggested by Wentworth (1922) . The term "massive" as used throughout the logs for Bristol core 2 and Cadiz core 1 is intended to mean that stratification is difficult or impossible to see with the unaided eye. When used as a modifier of salt, "massive" means that the salt occurs in compact crystalline masses, rather than as isolated crystals embedded in a matrix. The term "clay" is used in the present report only in the sense of particle size. The mineralogy of the fine-grained aggregate was not established.
The dip of the bedding in all cores is within a few degrees of horizontal except below 256 feet in Cadiz core 1.
Nearly all core in the four holes is calcareous; that is, it effervesces in cold dilute hydrochloric acid. Because of this uniformity, the word "calcareous" has not been added to the logs of the Bristol and Cadiz cores; but it has been retained from the original field logs for the Danby cores. The presence of sodium chloride in small quantities in the cores could not be discerned because the drilling fluid used for all holes was the brine of Bristol Dry Lake. The presence of calcium chloride, which rarely forms in the solid state, also could not be determined because of the high concentration of calcium chloride in the Bristol Lake brine drilling fluid.
Colors. In most lithologic descriptions colors have been named and numbered according to the "Rock-Color Chart" distributed by the Geological Society of America (Goddard and others, 1951) . Where names included in the "Rock-Color Chart" are used without the number symbol, these colors were identified by memory without direct comparison with the chart. In places where names unlike those on the chart are used, it means no comparison with the chart was made, nor had the chart been utilized recently enough to permit color identification by memory. This latter category applied mostly to the Bristol core in which the color chart was used only rarely.
All core was logged wet, thus it had darker color values than when dry. For this reason the addition of color readings after the cores had dried could not be made without relogging all cores for color uniformity.
Salt. In Bristol core 2, salt ranges from pure massive beds to isolated crystals disseminated in clay. The following approximate percentage ranges are intended for the core descriptions as used in the detailed log:
Salt, massive________________________________________ 100 Salt, crystalline or massive; with some clay; orl 7K_QQ Salt crystals in clay.
J--------Salt, crystalline, and brown clay______._________ 50-75 Clay, brown, and crystalline'salt._________________ 25-50 Clay, brown; contains some salt_________________________ 1-25
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SUMMARY OF THE CORE LOGS BRISTOL 2
The core of Bristol 2 is composed almost exclusively of salt and clay. About 40 percent of the total recovered core is composed of salt, which occurs in massive beds up to 12 feet thick (recovered core) and as scattered crystals in clay, ranging from the major constitutent to rare isolated crystals. Pure or nearly pure salt beds (more than 90 percent salt) at least 1 foot thick, number more than 40 and have an aggregate thickness of 142 feet. Seven of these are greater than 5 feet thick. Such nearly pure salt layers occur regularly throughout the entire core except between the principal commercial bed, at a depth of about 8 feet, and the next nearly pure salt layer at 153 feet. Brine, rich in calcium chloride, is pumped from the upper salt bed. Disintegration and persisting dampness of the core in certain places suggest the presence of calcium chloride brine at deeper levels. However, the use of Bristol lake brine as drilling fluid makes this difficult to confirm.
The most abundant sediment is a dark yellowish-brown or graygreen clay, frequently silty or sandy, generally dense and massive, and in part compact and weakly fissile. The color of the clay is in part related to salt content, for clay next to massive salt is always green. The contacts between green and brown clay are irregular as if related to secondary alteration, not sharp as if a primary depositional feature. Much of the clay, especially hi the upper part of the core, contains disseminated sand grains. The clay is calcareous throughout and contains small limy nodules and patches and numerous small flecks and pods of anhydrite. Silt and very fine sand layers are common in the upper 30 feet of core, laminated silt continues to about 130 feet, and below that both are uncommon.
A 1-inch bed of white volcanic tuff composed of glass shards occurs at a depth of about 667 feet, and a 1-inch argillaceous lunestone layer was noted at a depth of about 720 feet. In the few places where bedding could be observed, the attitude was virtually horizontal. No fossils were found. Clay, silt, and sand constitute nearly the entire sedimentary sequence exposed in Cadiz core 1. The predominant sediment is a dense clay of dark yellowish brown (1017? 3/2) frequently mottled or splotched with dusky olive green (5GY 4/2). In several places, quartz grains of coarse and very coarse sand size occur disseminated in the dense clay. Clastic sediments coarser than clay range in grain size from silt to medium sand, are generally yellowish brown, and are composed, principally of quartz but also of the other common minerals of granitic rocks. To a depth of 240 feet, about half .of the core is composed of sand layers. Below 240 feet, silt makes up about a third of the core and sand is rare.
Massive crystalline salt, 9 feet below the surface, forms a layer about 1 foot thick. It contains a sodium chloride and calcium chloride brine at the present water level. Salt also occurs as thin porous crystalline layers interbedded with clay and silt in the top few feet of the core. No other salt beds were encountered.
Gypsum in small quantities is fairly common from a depth of about 25 to 158 feet and sparse from there to 400 feet, below which none was observed. It occurs scattered through the sand and clay as "fishtail" twins, wedge-shaped crystals, fibrous veinlets, crystalline powder, and thin stringers. The entire core is calcareous.
A very dense orange-brown or moderate-brown (SYR 4/4) clay, contrasting conspicuously with the normally yellowish-brown clay, contains fairly abundant white, tan; and grayish green irregular limy patches and very hard limestone nodules. This clay is present in a 13-foot bed between 158 and 171 feet and again intermixed with bluish-gray, reddish-brown, and other variously colored clays between 355 and 370 feet.
Fossils occurring in limestone nodules and adjacent clay beds were recovered throughout much of the core below 267 feet. They were identified by P. B. Smith, of the U. S. Geological Survey, who reported the faunal assemblage as similar to that found earlier in the cores from Danby Dry Lake and to consist of "Several species of rotaliiform Foraminifera (shallow water), ostracodes, and a great abundance of Chara (algae seeds, not useful in determining age). These fossils all indicate shallow brackish water" (written communication, 1953). Several chitinous spicules also were found. The evidence is insufficient to determine with certainty whether this represents a marine or nonmarine environment of deposition.
A slickensided fracture dipping 57°, at a depth of about 256 feet, marks a change in the dip of the bedding. Above that point, all bedding is horizontal; below it, the dip of the beds increases gradually from 10° to a maximum of 35° at 470 feet, the lowest bedding plane seen. These angles are probably too large to be explained by deviation of the drill hole from vertical, especially in view of the softness of the material. The dip of the beds may be attributed to folding or tilting of the lower beds, suggesting a different age for them than for the flat-lying beds unconformably(?) above them. However, these beds are similar lithologically and in color both above and below the fracture. The dip might be explained by post-depositional compaction of the clays. This compaction may have been greater at the center of the playa where the clays were thickest, with the result that the beds near the edge of the playa dip toward the center. The fossils are restricted to the tilted beds.
Summary log of Cadiz 1 Depth (feet) Description
8 Sand, medium and fine, salty, over grayish-olive clay interlayered with porous salt and gypsum sand. 10 Salt, massive, crystalline; 1 ft recovered. 158 Clay and fine sand, yellowish-brown and grayish-green; with gypsum crystals disseminated throughout. 171 Clay, orange-brown, very dense; with tan limestone nodules. 
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Summary log of Cadiz 1 Continued
DANBY 1
Danby 1 is the more northerly and deeper (880 ft) of the 2 holes drilled in Danby Dry Lake. Sand, ranging in grain size from very fine to medium, constitutes about half of the sediment of this core. Clayey silt and silty clay, interbedded and intergradational, are next most abundant. Massive and laminated clays make up less than 10 percent of the core, and gravel was the only material recovered from the bottom 20 feet of the hole. Crystalline gypsum is very abundant in 2 layers, the larger one over 200 feet thick. Limestone is a minor constituent. Despite the presence of commercial deposits of salt at the surface at both the northern and southern ends of the playa, no evidence of salt beds was found in this core.
The color of the upper 130 feet of the core is yellowish brown, but throughout the remainder, olive gray, dark and light greenish gray, pale bluish gray, and dark and light gray are the predominant colors. All of the core is calcareous, and, in the upper part, much of it is salty.
Crystalline gypsum, both massive and as interspersed crystals in mixed fine sediments, occurs in a 6-foot bed about 10 feet below the surface and in a 210-foot bed between 310 and 520 feet depth. In both of these layers, gypsum constitutes nearly half of the material present. Bassanite, a hemihydrate of calcium sulfate, identified by R. D. Alien and Henry Kramer (1953) , occurs at depths of about 365 and 510 feet.
Light-gray and light-brown brecciated opaline shale occurs in a X-inch layer of pale greenish-gray argillaceous limestone at a depth of about 570 feet. Some parts of the opaline material are pure silica and cannot be scratched with a steel knife, but other parts with identical appearance are evidently incompletely opalized as they can be scratched. The largest of the breccia pieces is 1 inch long, but most are small sharply angular fragments one-tenth of an inch thick.
Dark grayish-green lamellar clay between about 570 and 590 feet, is composed of layers one-tenth of an inch thick separated by paperthin laminae of white strongly calcareous clay. Between 780 and 790 feet, several beds of light-gray limestone, 1 or 2 inches thick, occur in a medium-gray to nearly black massive limy clay. Directly beneath these limestone beds is a 17-foot section of thinly laminated fissile shale with laminae alternating between very pale yellowish gray and dark bluish gray.
Isolated pebbles in clay and silt were struck at depths of 801, 840, and between 845 and 850 feet. From 860 feet to the bottom of the hole at 880 feet, only coarse gravel, pebbles, and cobbles were recovered.
Fossils were located at depths of 732.4, 738.4, 785.9, and 845.0 feet. These samples were studied by W. P. Woodring, Ruth Todd, and I. G. Sohn, of the U. S. Geological Survey, and Manly Natland, of the Richfield Oil Corp. They reported (written communications, 1953) a fauna consisting of foraminifers, ostracodes, pelecypods, gastropods, and a barnacle. Chara seeds are also present. K. E. Lohman, of the U. S. Geological Survey, searched the samples for diatoms but found none. 
DANBY 2
The core from Danby 2 is composed principally of mixed fine-grained clastic sediments clay, clayey silt, silty clay, clayey sand, and sand ranging from very fine to coarse. Most abundant is very fine sand which, in one place, between 180 and 250 feet in depth, is 70 feet thick without significant change in grain size or color.
A layer of well-indurated strongly calcareous medium-grained sandstone, between 120 and 130 feet in depth, is distinctive by comparison with the usual poorly indurated material. Between about 407 and 420 feet lies a dense orange-brown clay with tan limy nodules identical in appearance with a layer in Cadiz core 1 between 158 and 171 feet. Crystalline gypsum embedded in clayey silt extends from a depth of 278 to 334 feet a thickness of 56 feet. Pebbles were struck at depths of 333, 351, and 391 feet, but playa sediments continued below them to the bottom of the hole. No salt was cut by this hole, even though salt forms a crust on the playa several feet thick less than a mile south of the drill site.
Fossils were found at only one point in the core, at a depth of 449 feet, where they are abundant and comprise a major part of a bed of light-buff sand. The fossils identified by W. P. Woodring and P. B. Smith are gastropods, pelecypods, foraminifers, Chara, and one barnacle. 
CORRELATIONS BETWEEN CORES
Correlation of sediments is difficult to make within a single-basin as well as between separate basins. This points out the need for many drill holes in order to test adequately the content of sediments beneath a playa. For example, commercial salt deposits occur at both the north and south ends of Danby Dry Lake, but the two Danby drill holes, which were drilled in-between, penetrated no salt.
Bristol and Cadiz basins are separated only by an almost imperceptible alluvial divide that rises about 50 feet above the lowest part of Bristol Dry Lake. It would seem reasonable that the two, being parts of the same drainage basin, should have had approximately the same sedimentary history. Yet the cores from Bristol and Cadiz Dry Lakes have virtually no similarities: the Bristol core consists of clay and 40 percent salt; the Cadiz core predominantly of sand and silt with only a single bed of salt 1 foot thick. However, it is possible that this difference may be only apparent and not real. If nonsalme shore facies and salt-bearing central facies both persist in depth, it may be that the Cadiz hole was placed too far from the center of the playa (inaccessible to the drill rig) and tested only the shore facies, whereas the Bristol hole was placed in the lowest part of the playa and tested the central facies.
A potential correlation between Cadiz and Danby cores is found only in the dense orange-brown clay, which occurs in both cores and is a very distinctive unit. It could be the result of the weathering of a particular type of rock hi the Iron Mountains, the range lying between the two basins, or of some volcanic phenomenon.
Correlation between the two cores from Danby Dry Lake can be made only in a general way. The upper 120 to 130 feet of sediment in both cores' is a yellowish-brown silty clay, and beneath that in both cores the clay is usually plive gray and contains coarse sand grains. Both cores have a thick sequence of crystalline gypsum in clay, but of widely differing thickness and at surprisingly different depths if their time of formation is taken to be similar. Below the gypsum layers any correlation between the two Danby holes becomes very uncertain.
In Bristol Dry Lake the 2 salt companies operating there cooperatively drilled a hole (Bristol 1) to 1,006 feet. This hole is slightly over 1 mile north-northeast of Bristol 2. The log of this core is shown graphically on plate 4. It is based on very poor core recovery in the lower half (only 37 ft of core between 512 ft and bottom of hole) but is adequate to make clear that the numerous salt layers beneath CORE LOGS PROM BRISTOL, CADIZ, AND DANBY DRY LAKES, CALIF. HI the playa cannot be individually correlated below the top commercial bed. Nineteen shallow holes drilled by the Metropolitan Water District of Southern California (Gale, 1951 ) also indicate that the salt is widespread, but that the individual beds are lenticular and discontinuous.
If the sediments had been deposited hi perennial lakes, a continuity of layers within each basin would be expected, and correlation between cores from the same basin would be relatively direct. That such correlation is so difficult suggests that the deposits were irregularly laid down in ephemeral lakes as a result of intermittent floodings, or that the salines have been redistributed by ground water after deposition. In fact, both of these processes were probably effective. 
